1. Background {#sec21330}
=============

Rotaviruses are the major etiologic agents that cause severe, acute dehydrating gastroenteritis in young children and in a wide variety of domestic animals. The virus is transmitted by the fecal-oral route. The clinical signs of rotavirus infection include acute gastroenteritis with fever, vomiting, abdominal pain, diarrhea, dehydration and rhinitis ([@A8591R1]). Each year, rotavirus causes an estimated 2 million hospitalizations and 450,000 deaths in children worldwide ([@A8591R2]). The only known treatment for rotavirus gastroenteritis is supportive therapy, the replacement of ﬂuids and electrolytes lost by vomiting and diarrhea ([@A8591R1]). Oral immunoglobulins have also been used to treat diarrhea caused by rotaviruses; however, these are very costly with unknown side-effects ([@A8591R3]). Two oral, attenuated, reassortant rotavirus vaccines (Rotarix and Rotateq) may prevent rotavirus infections in infants and young children ([@A8591R4]), but they haven't been approved for infants with immunosuppressive illnesses and also vaccine effectiveness in populations at the greatest risk in developing countries such as Asia and Africa remains to be assessed ([@A8591R5]). Therefore, it is necessary to develop a new antiviral agent against this virus. Plants are rich in a broad range of secondary metabolites, such as flavonoids, polysaccharides, alkaloids, terpenoids, and tannins, phenolics and amino acids which have been found *in vitro* to have antimicrobial and antiviral properties ([@A8591R6]).

Several antiviral plant extracts such as black tea, *Citrus aurantium*, marine sponges, soy isoﬂavones, *Stevia rebaudiana*and *Alpinia katsumadai* have been found to be inhibitory for rotaviruses *in vitro*, with less toxic, fewer side-effects and cheaper ([@A8591R7]-[@A8591R13]). However, these drugs are not currently available for human or animal use and none of them have yet been in clinical use. This has renewed interest in the search for a new anti-rotaviral agent. The genus Achillea belongs to Asteraceae or Compositae, the largest family of flowering and vascular plants ([@A8591R14]). Achillea species have been used by local people as folk or traditional herbal medicines in various regions throughout the world. *Achillea kellalensis* *Boiss.* & *Hausskn*. originate from Chaharmahal va Bakhtiari, Southwest of Iran, is locally known as Golberrenjas or Bumadaran-e-Sabzekohi and the consumption of herbal teas prepared from flowers of this species has long been used as a medicinal plant especially for treatment of the acute diarrhea ([@A8591R15]). Achillea species have major bioactive components, including flavonoids, terpenoids (monoterpenes, sesquiterpenes, diterpenes, triterpenes), camphor, borneol, lignans, amino acid derivatives, fatty acids and alkamides and the activity of this genus against different bacteria, fungi, viruses and parasites might be due to the presence of secondary active metabolites such as flavonoids, phenolic acids, terpenoids and sterols which have been isolated ([@A8591R16]-[@A8591R18]). However, to date the anti-rotavirus activities of aqueous and hydro-alcoholic extractions of *A. kellalensis* have not been evaluated.

2. Objectives {#sec21331}
=============

In the present study we described *in vitro* cytotoxic and anti-RV properties of crude extracts of the *A. kellalensis* collected from Chaharmahal va Bakhtiari.

3. Materials and Methods {#sec21341}
========================

3.1. Preparation of Aqueous and Hydro-alcoholic *A. kellalensis* Extracts {#sec21332}
-------------------------------------------------------------------------

*A. kellalensis* flowers were cleaned, air-dried and ground to a fine texture with a grinder. For aqueous extract (hot water extract), 200 mL of boiling distilled water was added to 10 g of powdered flowers in an Erlenmeyer flask and kept in a shaker at 90 rpm for 1 h at room temperature. The brewed extract was filtered through gauze and clarified by centrifugation at 3000 rpm for 10 minutes; the supernatant was then dried in an electric water bath at 50˚C. Hydro-alcoholic extraction was performed by soaking 10 g of powdered flowers in 200 mL of 50% ethanol and kept in a shaker at 90 rpm for 2 days at room temperature (20˚C) and then filtered through gauze. The extractions were filtered through a Whatman No 1 filter paper, then the filtrate evaporated to dryness in an electric water bath at 50˚C. 1 g of each of the dried extracts were suspended in 5 mL of respective solvents and sterilized by ﬁltration through a 0.22 µm ﬁlter (Jet Biofil), stored at 4˚C.

3.2. Cell Culture {#sec21333}
-----------------

MA-104 cells (Embryonic rhesus monkey kidney cells) were cultured as a monolayer in DMEM supplemented with 10% fetal bovine serum (FBS) and 2 mM L-glutamine in the presence of penicillin G (100 U/mL), streptomycin (100 µg/mL), gentamycin (50 µg/mL) and amphotericin B (2.5 µg/mL) at 37˚C in a humidiﬁed atmosphere containing 5% CO~2~ / 95% air.

3.3. Cell Toxicity and Viability (Determination of the Maximum Non-toxic Concentration) {#sec21335}
---------------------------------------------------------------------------------------

Cytotoxicity was assessed by microscopic observation, neutral red assay, crystal violet assay and MTT reduction assay and viability of cells was determined by the trypan blue dye exclusion method. MA-104 cells were seeded at a density of 1 × 10^4^ cells per well (in 200 µL medium) of 96-well plates (Nunc) by an 8-channel pipette and 5 × 10^4^ cells per well (in 1 mL medium) of 24-well culture plates. After 48 h of incubation at 37˚C in 5% CO~2~ atmosphere, the growth medium was replaced by similar volumes of fresh medium free of FBS with a series of different concentrations (15 doses, maximum 2 mg/mL and minimum 0.05 mg/mL) of each herbal extract while positive (the cells were incubated with 1 mM hydrogen peroxide) and negative controls (untreated cells that received only the medium without any extraction) were prepared. All the treated cells were re-incubated at 37˚C for 72 h for different cytotoxic assays. The highest concentration of the extract showing no cell toxicity was considered as the maximum non-toxic concentration (MNTC). The 50% cytotoxic concentration (CC~50~) was estimated by regression analysis.

### 3.3.1. MTT Assay {#sec21334}

The MTT cytotoxicity assay was carried out with slight modiﬁcations as previously described by Mosmann ([@A8591R19]). The percentage of cytotoxicity was calculated as (A-B)/A × 100, where A is the mean optical density of untreated wells and B is the mean optical density of wells with plant extracts. For each extract, the obtained CC~50~ value was deﬁned as the concentration that reduced the absorbance of treated cells by 50% when compared to untreated cells and this was determined by regression analysis ([@A8591R19]).

### 3.3.2. Neutral Red Dye Retention Assay {#sec21366}

The NR assay is a cheap and sensitive method for the cytotoxicity test. The procedure was performed using a miner modification method as previously described. Plates were prepared similarl to that described for the MTT reduction assay ([@A8591R20]).

### 3.3.3. Crystal Violet Assay {#sec21364}

At the end of the treatment period of 96-well microplates (72 h), with different concentrations of each extract in 4 replicates, the medium was removed and the trays were stained with a mixture of formalin 10% and crystal violet 0.13% in PBS for 10-20 minute. The plates were rinsed twice with water and dried by inversion on filter paper and were then enumerated by measuring absorbance at 492 nm on an ELISA reader (Bio Rad). Reported values are the mean of 4 replicates. The percentage of cytotoxicity was calculated similar to that described for the MTT reduction assay ([@A8591R21]).

### 3.3.4. Trypan Blue Dye Uptake to Assess Viability {#sec21365}

To determine the number of viable cells, the trypan blue exclusion method was performed. At the end of the treatment period of 24-well plates (72 h), with a series of various concentrations of each extract in 4 replicates (0.5 mL/well), the medium was removed and the cells were detached from the wells by trypsin-EDTA solution. The solution, including the detached cells, was centrifuged at 1000 rpm for 10 min and the supernatant was removed. The detached cells in each well were stained with 0.4% trypan blue dye, transferred to the hematocytometer and were counted using an optical microscope (Olympus). Cell viability percentage was calculated by the division of the total counted number of viable cells by total cells (100% viability). For minimal viability, the cells were incubated with 1 mM hydrogen peroxide, which resulted in total cell death evident by trypan blue viability staining (positive control). The untreated cells that received only the medium without any extraction were used for maximum viability (negative control). The reported values are the mean of 4 replicates ([@A8591R22]).

3.4. Titration of the Virus {#sec21336}
---------------------------

Virus titration on conﬂuent monolayers of MA-104 cells was performed by the limit-dilution method. Ten-fold serial dilutions of the virus stock were made up (10-1 to 10-10) in DMEM free of FBS, with 10 µg/mL of trypsin (TPCK treated). The titer of propagated viral stock was determined by using the MTT colorimetric technique, crystal violet assay and CPE observation of MA-104 cells and was expressed as 50% tissue culture infectious dose (TCID~50~) per mL by the Reed-Munch method. The determined titer was 106 TCID~50~/mL ([@A8591R23]).

3.5. Antiviral Assays {#sec21339}
---------------------

The antiviral assays used in this study have been previously described ([@A8591R11], [@A8591R24], [@A8591R25]) and the visualization of these assays was also performed by the same methods used to evaluate cell toxicity and MTT reduction assay, crystal violet method, neutral red assay and CPE observation as described above were followed. Microscopic examination for CPE was performed with scores being from 0 (normal cells) to 4 (100% CPE). The 50% effective concentration (EC~50~) was deﬁned as the reciprocal of concentration of each extract required to prevent rotavirus-induced cytolysis by 50%.

### 3.5.1. Virucidal Assay {#sec21337}

Virucidal assay (Adsorption Inhibition Assay)‪‪‪‪‪ was performed to determine the ability of the extracts to inhibit or decrease the rate of adsorption or penetration of the rotavirus on the treated MA-104 cells. MA-104 cells were seeded at the density of 1 × 10^4^ cells per well (in 200 µL medium) onto 96-well plates (Nunc) and incubated at 37˚C in 5% CO~2~ atmosphere for 48 h. In the mixed treatment assay (virucidal assay), 10 TCID~50~ of activated rotaviruses were mixed with various non-toxic concentrations (0.05--0.5 mg/mL) of each extract and incubated at 4˚C for 1 h. The mixtures were added to each well (0.2 mL/well) and incubated at 37˚C for 1 h. The solution was removed. The cells were washed with PBS, to remove the remaining extract from the wells, and the wells were replenished with DMEM containing 1 µg/mL trypsin (0.2 mL/well). The cells were incubated for 72 h at 37˚C under 5% CO~2~ atmosphere. Experiments were carried out in 4 replicates. The 50% effective concentration (EC~50~) was estimated by regression analysis ([@A8591R24]).‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬

### 3.5.2. Determination of Antiviral Activity {#sec21338}

CPE inhibition assay was performed to determine whether the extracts prevented viral replication by affecting one or more steps of their replication when viruses were already in the cells.

A\) In the simultaneous treatment assay ([@A8591R11]), MA-104 cells were seeded as previously described. After the incubation period, the spent medium was decanted and the cells were then washed two times using PBS, and medium containing 10 TCID~50~ of activated rotaviruses with different non-toxic concentrations (maximum 0.5 mg/mL and minimum 0.05 mg/mL) of each crude extract were added to each well (0.2 mL/well). The plates were incubated at 37˚C for 72 h in a humidiﬁed incubator with a 5% CO~2~/95% air atmosphere. Experiments were carried out in 4 replicates. The 50% effective concentration (EC~50~) was estimated by regression analysis.

B\) In the post treatment assay (viral replication inhibition assay) ([@A8591R25]), MA-104 cells were seeded as a previously described. After the incubation period, the growth medium was removed and the cells were washed two times using PBS and then 10 TCID~50~ of activated rotaviruses were inoculated onto each well (50 µL/well) for 2 h. The inoculum was removed, cell monolayers were washed one time using PBS and replaced by DMEM containing 1 µg/mL trypsin and various non-toxic concentrations (0.05--0.5 mg/mL) of each extract (0.2 mL/well). The cells were incubated for 72 h at 37˚C under 5% CO~2~ atmosphere. Experiments were carried out in 4 replicates. The 50% effective concentration (EC~50~) was estimated by regression analysis.

C\) In the pretreatment assay ([@A8591R11]), after a 48 h period of incubation, various non-toxic concentrations (0.05--0.5 mg/mL) of each extract (0.2 mL/well) were added to the cells and incubated for 15 h prior to virus infection (10 TCID~50~/well). The cells were incubated for 72 h at 37˚C under 5% CO~2~ atmosphere. Experiments were carried out in 4 replicates. The 50% effective concentration (EC~50~) was estimated by regression analysis.

Controls consisting of virus control wells or untreated-infected cells (with virus but without any extracts), toxicity control wells or treated non-infected cells (with various concentrations of each crude extract but without virus), cell control wells or untreated non-infected cells (that received only the medium containing 1 µg/mL of trypsin without any extraction and virus), were used simultaneously.

3.6. Data Analysis {#sec21340}
------------------

The CC~50~ and EC~50~ for each extract were calculated from concentration-effect curves after regression analysis. The therapeutic index (TI) or selective index (SI) for each extract is defined as the ratio between the maximum drug concentration at which 50% of the growth of normal cells is inhibited (CC~50~), and the minimum drug concentration at which 50% of the virus is inhibited (EC~50~) (SI = CC~50~/EC~50~) ([@A8591R26]).

4. Results {#sec21342}
==========

Cytotoxicity of two *Achillea kellalensis*extracts showed different concentrations. Hydro-alcoholic extract had low CC~50~ at 600 µg/mL by the NR assay while aqueous extract had high CC~50~ at 1000 µg/mL by the crystal violet method ([Table 1](#tbl5873){ref-type="table"}, [Figures 1](#fig4716){ref-type="fig"} and [2](#fig4717){ref-type="fig"}).

###### Inhibitory and Cytotoxicity Effects of *A. kellalensis*Extracts Against Rotavirus in the Simultaneous and Post Treatment Assay ^[a](#fn3879){ref-type="table-fn"}^

  Methods              Aqueous Extract   Hydro-alcoholic Extract                    
  -------------------- ----------------- ------------------------- ---- ----- ----- ---
  **Neutral Red**      700               100                       7    600   100   6
  **Crystal Violet**   1000              100                       10   900   100   9
  **MTT**              800               100                       8    700   100   7

^a^ CC~50~: Concentration of Extract that is Cytotoxic to 50% of cells; EC~50~: Concentration of Extract That Inhibits Viral Infectivity (Cytopathic Effect) by 50%; SI: selectivity index = CC~50~/EC~50~ = the Mean Values of 4 Replicate Experiments are Shown.

![Cytotoxicity in MA-104 Cells Induced by Exposure to Different Concentrations of Aqueous *A. kellalensis* Extract and Assessed by Crystal Violet Method, NR and MTT Assays](jjnpp-08-138-i001){#fig4716}

![Cytotoxicity in MA-104 Cells Induced by Exposure to Different Concentrations of Hydro-alcoholic *A. kellalensis* Extract and Assessed by Crystal Violet Method, NR and MTT Assays](jjnpp-08-138-i002){#fig4717}

Growing MA-104 cells were treated with various concentrations of *Achillea kellalensis*extracts and the viability was measured by trypan blue dye exclusion method. In MA-104 cells a decrease in the viability with increasing concentration was observed. The aqueous and hydro-alcoholic extracts showed 50% viability at 800 µg/mL and 700 µg/mL respectively. These data are shown in [Figure 3](#fig4718){ref-type="fig"}. The inhibitory effects of *A. kellalensis*on the bovine rotavirus were examined by the same methods used to evaluate cell toxicity. Extracts from flowers of *Achillea kellalensis*were shown to be effective against bovine rotavirus. These results of the antiviral assays of *A. kellalensis*extracts are depicted in [Table 1](#tbl5873){ref-type="table"}.

![Effect of Different Concentrations of Aqueous and Hydro-alcoholic Extracts of *A. kellalensis* on Cell Viability as Measured by Trypan Blue Dye Exclusion Method Compared with positive control (0 µg/mL) with 98% cell viability for aqueous extract and 97% cell viability for hydro-alcoholic extract](jjnpp-08-138-i003){#fig4718}

In the simultaneous treatment assay and post treatment assay, the extracts were able to prevent viral replication and inhibit the viral CPE on MA-104 cells at 10 TCID~50~. The effective concentration (EC~50~) of both extracts was observed at 100 µg/mL. In order to test the ability of the two *A. kellalensis* extracts in inhibiting the adsorption of bovine rotaviruses in MA-104 cells, the virucidal assay was used. However, in contrast to the simultaneous treatment assay and post treatment assay, no inhibitory effects against rotavirus was shown in the virucidal assays and pretreatment assay, and the extracts did not exhibit direct antiviral activity on rotavirus adsorption.

5. Discussion {#sec21343}
=============

The present results support the ethnomedical use of *A. kellalensis* as anti-rotavirus agent. This is the first report on the anti-rotaviral and cytotoxic activity of *A. kellalensis*. Our results indicate that of the 3 methods examined to determine cell toxicity of extracts, neutral red assay was the most sensitive. Time-of-addition experiments were carried out to evaluate the step at which *A. kellalensis* extracts exert inhibitory activities. The extracts were able to inhibit viral replication and prevented the formation of CPE in infected cells.

In the present study the simultaneous treatment assay results are in agreement with the post treatment assay results, indicating that the *A. kellalensis* extracts could probably exert a potential anti-rotavirus activity via blockage of RNA synthesis. However, in the virucidal assay, the extracts were not able to inhibit or decrease the rate of adsorption or penetration of the rotavirus in the treated MA-104 cells. The extracts were not able to inhibit viral replication when the amount of virus increased from 10 to 100 TCID~50~ when they were examined at a concentration of 500 µg/mL. These results indicate that *A. kellalensis* extracts exert potent anti-rotaviral activity only after viral adsorption. The two extracts from *A. kellalensis* showed a good selectivity index. *A. kellalensis* is a traditional medicinal herb and has long been used to treat acute gastritis ([@A8591R15]). Wound healing activity ([@A8591R27]), antihypertensive and antihyperlipidemic effects ([@A8591R28]), antioxidant activity ([@A8591R29]), estrogenic activity ([@A8591R30]), anti-diabetic activity ([@A8591R31]), antispermatogenic effect ([@A8591R32]), antiulcer activity ([@A8591R33]), anti-bacterial and anti-fungal activity ([@A8591R17], [@A8591R34], [@A8591R35]), anti-epimastigote activity ([@A8591R36]), anti-viral activity ([@A8591R37]), antispasmodic activity ([@A8591R38]) and anti-inflammatory activity ([@A8591R39]), of various species of Achillea have been reported. In an earlier investigation where the *Achillea fragrantissima* extracts had been examined for *in vitro* anti-poliovirus activity, a significant antiviral activity was also observed ([@A8591R37]). The activity of *A. kellalensis* extracts against bovine rota virus might be due to the presence of secondary active metabolites such as flavonoids ([@A8591R9]) and phenolic ([@A8591R16]-[@A8591R18], [@A8591R24]) acids which have been shown to possess blocking RNA synthesis activity ([@A8591R40]). At this point, our data demonstrated that *A. kellalensis* extracts have potent anti-rotavirus effects *in vitro*. However, further investigations are required to explore anti-rotavirus activities *in vivo* with bovine rotavirus strains in calves or murine rotavirus strains in mice. Considering that rotaviruses cause severe diarrhea and mortality in calves and economic losses in the dairy industry, therefore use of this herb can be useful in veterinary medicine.

The authors would like to acknowledge grant no. 90127, which financially supported the Infectious and Tropical Diseases Research Center of Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran.

**Implication for health policy/practice/research/medical education:**

This study described the *in vitro* cytotoxic and anti-RV properties of crude extracts of the *A. kellalensis* collected from Chaharmahal va Bakhtiari and also tested the action mechanisms of the extracts, by determining whether they directly inhibit rotavirus binding to cells and/or inhibit viral replication.
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